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PURIFICATION PROCESS COMPRISING MICRO FILTRATION AT ELEVATED TEM- 
PERATURES. 



FIELD OF THE INVENTION 

5 

The present invention relates to a process for purification of fermentation-derived products. 
More specifically the processes of the invention pertain to improved microfiltration processes 
comprising elevated temperatures. 

BACKGROUND OF THE INVENTION 

10 

The conventional method for recovering fermentation-derived products, such as proteins and 
antibiotics, from the complex fermentation broth matrix is a series of clarification steps to re- 
move insoluble material and one or more steps employing liquid chromatography. Liquid 
chromatogramphy comprises the application of the product holding fluid onto a solid chroma- 
15 tographic matrix under conditions where the fermentation-derived product binds to the chro- 
matographic matrix while the bulk of impurities pass through the chromatographic column. 
After a washing phase the bound product is eluted from the column. 

This method has several drawbacks. First, chromatography is an expensive method for re- 
20 covery of fermentation derived products. Second, chromatography is not well suited for con- 
tinuous processes which are often used in the industrial manufacture of fermentation-derived 
products. Third, chromatographic column operation is not robust towards normal fermenta- 
tion-derived impurities such as remnant cells and cellular debris, antifoam, host cells proteins 
and proteases. Often many sequential steps are needed for a chromatographic recovery, in- 
25 eluding upstream centrifugation and filtration steps and several chromatographic steps each 
targetting a certain group of impurities. 

Microfiltration has also been used for the purification steps following fermentation. Usually 
the fermentation broth is cooled in order to attenuate the degradation of the product as well 
as to inhibit contaminating microorganisms. The ensuing microfiltration is then performed at 
30 temperatures of 0°C to 30°C to have a compromise between product degradation and per- 
formance of the microfiltration. One exception is WO01/87468 which discloses a microfrlmtra- 
tion process of a fermentation-derived product comprising adding activated carbon to a solu- 
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tion of the fermentation-derived product prior to or during the microfiltration process at a mi- 
crofiltration process temperature of from 25°C to 65°C. 

Generally however, it is a teaching within the field of biotechnology that fermentation-derived 
products such as protein and antibiotics should be kept in solution at as low temperatures as 
5 possible in order to prevent microbial, enzymatic or chemical degradation of the product 
{Biochemical Engineering Fundamentals, J.E. Bailey, D.F. Ollis, McGraw-Hill Inc., 1986 and 
Physical Chemistry, P.W. Atkins, Oxford Univ. Press, 1986). 

Surprisingly, the present inventors have found that a method for the industrial manufacture of 
10 fermentation-derived products which utilizes a microfiltration step performed at elevated tem- 
peratures, enables continuous manufacturing and better separation of product and impurities 
while requiring a reduced number of manufacturing steps. 

SUMMARY OF THE INVENTION 

15 

It is an object of the present invention to provide a process for purifying a fermentation- 
derived product, said process comprising the steps : 

a) microfiltration of a fermentation broth containing the fermentation-derived product 
at a microfiltration temperature within the range from 66 °C to 90 °C; 
20 b) isolation of the final product. 

It is a further object of the invention to provide a process for purifying a fermentation-derived 
product, said process comprising the steps : 

a) microfiltration of a fermentation broth containing the fermentation-derived product 
25 at a microfiltration temperature within the range from 66 °C to 90 °C, wherein the 

microfiltration is performed in the absence of activated carbon; 

b) isolation of the final product. 

In one embodiment the process may utilize a microfiltration temperature within the range 
30 from 70 °C to 90 °C. In another embodiment the process may utilize a microfiltration tem- 
perature within the range from 70 °C to 80 °C. 

It is another object of the present invention to provide a process wherein the microfiltration is 
performed as a cross flow microfiltration. 
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It is another object of the present invention to provide a process wherein the microfiltration 
process is performed with a vibrating microfiltration membrane. 

5 It is another object of the present invention to provide a process wherein the microfiltration 
process is performed with backshock. 

DESCRIPTION OF THE DRAWINGS 

1 0 Figure 1 . Calculated flux of permeate through the ceramic membrane as a function of time 
shown for different filtration temperatures: curve a,b: 77-80 °C, curve c: 32-35 °C and curve 
d: 32-35 °C using cell free broth which had been heated to 80-90 °C and cooled to 34°C prior 
to start of the filtration experiment (marked "preheated"). The reservoir vessel was pressur- 
ized to 0.9 bar overpressure, the broth was recirculated at a speed of 200L7hour and back- 

1 5 shock was performed every 30 seconds for curve a and b, whereas a backshock frequency 
of 60 seconds was used for curve c and d. 

Figure 2. Transmission of Arg 34 -GLP-1-(7-37) as a function of filtration time shown for differ- 
ent filtration temperatures. Curve a) and b) filtration at 77-80 °C, curve c) filtration at 32-35 
20 °C using broth preheated to app. 80-90 °C for 10 minutes ("preheated") and curve d) filtration 
at 32-35 °C. 

DESCRIPTION OF THE INVENTION 

25 Microfiltration membranes may be formed from a variety of materials such as natural poly- 
mers, synthetic polymers, ceramics and metals. Preferred microfiltration membranes are ce- 
ramic membranes which may be formed by fibres of silicon carbide, silicon nitride, alumi- 
nosilicate, zirconium, mixtures thereof and which may optionally be carbon-coated (see e.g. 
WO 00/45938). Preferred metal microfiltration membranes are zirconium membranes. 

30 

The nominal pore size of MF membranes are typically in the range from 0.01 pm to 10 //m, 
preferably from 0.05 jjm to 7.5 //m and more preferable from 0.1 //m to 2 /ym. In order to pre- 
vent polarization of the membrane, the MF process is typically carried out using cross flow 
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filtration where the broth also flows along the membrane surface, e.g. such as used by clas- 
sical cross flow filtration. Other ways to obtain the same result are to move the membrane, 
as used in e.g. vibrating membrane filtration, or to apply backshock or backflush where the 
flow through the membrane is intermittently reversed. 

5 

One aspect of the present invention is a process for purifying a fermentation-derived product, 
said process comprising the steps : 

a) microfiltration of a fermentation broth containing the fermentation-derived product 
at a microfiltration temperature within the range from 66 °C to 90 °C; 

10 b) isolation of the final product. 

The final product may be identical to the fermentation-derived product or it may be a chemi- 
cally modified equivalent of the fermentation-derived product. For instance, the final product 
from a fermentation derived product which is a protein may be a truncated protein, a fused 
protein, a derivatized protein or a combination of these. Indeed proteins are often expressed 

15 as precursors in the host cells, said precursors being chemically modified during the down- 
stream process steps used to purify and to isolate the final product. Likewise, organic mole- 
cules such as antibiotics may be produced by the host cells as a fermentation-derived prod- 
uct which has to be chemically modified to obtain the final product. 

Fermentation broth is defined as fermentation medium containing the fermentation-derived 
20 product. The fermentation broth may also contain host cells, it may be substantially free of 
host cells or it may be completely free of host cells. Thus, the fermentation broth may be a 
solution but usually it is a more or less clarified broth where only minor amounts of insoluble 
materials such as cells, cellular debris and precipitated protein and salts are present. Pref- 
erably the fermentation broth contains less than 10 g/L, less than 2 g/L, less than 0.5 g/L or 
25 less than 0.1 g/L of insoluble material as determined gravimetrically by filtration through a 
0.22 jym filter and subsequently drying it at 105°C for 20 hours. A clarified fermentation broth 
is a fermentation broth containing less than 0.5 g/L insoluble material as determined by 
above gravimetrical method. 

30 Another aspect of the present invention is a process for purifying a fermentation-derived 
product, said process comprising the steps : 

a) microfiltration of a fermentation broth containing the fermentation-derived product 
at a microfiltration temperature within the range from 66 °C to 90 °C, wherein the 
microfiltration is performed in the absence of activated carbon; 
35 b) isolation of the final product. 
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In one embodiment the microfiltration temperature is within the range from 70°C to 90°C. 
In another embodiment the microfiltration temperature is within the range from 70°C to 80°C. 
The microfiltration process of the present invention is preferably carried out using equipment 
5 and operating mode which prevent or reduce the build-up of a polarizing layer at the mem- 
brane. The polarizing layer causes the flux across the membrane to decline and it may also 
reduce the transmission, i.e. the product concentration in the permeate divided by the prod- 
uct concentration in the retentate. Build-up of a polarizing layer may be reduced or prevented 
by introducing fluid motion along the microfiltration membrane. 
10 In another embodiment the microfiltration is performed as a cross flow microfiltration. 

In another embodiment the microfiltration process is performed with a vibrating microfiltration 
membrane. 

In another embodiment the microfiltration process is performed with backshock, i.e. a tempo- 
rary reversal of the flow through the microfiltration membrane. 
15 In another embodiment the microfiltration process is performed using a microfiltration mem- 
brane formed from a material selected from the group consisting of natural polymers, syn- 
thetic polymers, ceramics, metals and mixtures thereof. 

In another embodiment the microfiltration process is performed using a polysulphone mem- 
brane. 

20 In another embodiment the microfiltration process is performed as a batch process. 

In another embodiment the microfiltration process is performed using a fermentation broth 
with a pH from pH 3 to pH 10, from pH 5 to pH 10, from pH 4 to pH 9, from pH 5 to pH 8, 
such as pH 6 or pH 7. 

In another embodiment the microfiltration process is performed as a continuous process. 

25 In another embodiment the microfiltration process is followed by an ultrafiltration process. 
In another embodiment the cut-off value of the UF membrane is lower than four times the 
molecular weight of the fermentation-derived product, preferably lower than twice the mo- 
lecular weight of the fermentation-derived product and most preferably lower than the mo- 
lecular weight of the fermentation-derived product. 

30 In another embodiment the microfiltration process is followed by at least one chroma- 
tographic step or at least one precipitation step. 

In another embodiment the fermentation-derived product is at temperatures higher than 60 C 
for less than 30 minutes, preferably for less than 15 minutes, even more preferable for less 
than 10 minutes, and most preferable for less than 5 minutes. 
35 In another embodiment the fermentation-derived product is a protein. 
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In another embodiment the fermentation-derived product is a microbially derived protein. 
In another embodiment the host cell producing said protein is selected from the group con- 
sisting of E. coli, Saccharomyces, Pichia, Candida and Kluyveromyces. 
In another embodiment said protein is a pharmaceutical protein or a precursor thereof. 
5 In another embodiment the fermentation-derived product is a protein with a molar weight of 
less than 25000 Dalton. less than 10000 Dalton, less than 7000 Dalton, or less than 4000 
Dalton. 

In another embodiment the fermentation-derived product is a pharmaceutical protein which 
is selected from the group consisting of GLP-1, GLP-2, glucagon, TFF peptides, interleukins, 
10 insulin, albumin, precursors thereof and analogs of any of the foregoing. 

In another embodiment said protein is selected from the group consisting of human insulin, a 
human insulin precursor, a human insulin analog, a human insulin analog precursor and 
Arg^-GLP-l^-a?). 



15 
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EXAMPLES 
Example 1. 

5 Fermentation broth from a continuous fermentation producing Arg^-GLP-l (7-37) was ad- 
justed to pH=9.5 through addition of NaOH. The pH value of 9.5 was maintained for 10 min- 
utes. Subsequently, the alkaline broth was centrifuged at 3-4000 g for 10 minutes in order to 
remove the yeast strain used for the heterologous, extracellular expression. Each test solu- 
tion was spiked with a second antifoam agent besides the one already added during the fer- 
10 mentation. This was done in order to assure a high content of antifoam agent in the treated 
broth. 

Filtration. 

The cell free medium was heated to approx. 75-80°C within 3-5 minutes by blowing steam 
15 through a jacketed, stirred vessel. A temperature of 80-90 °C was maintained for 2-5 min- 
utes. The heated cell-free broth was then transferred to the filtration system including a pre- 
heated, jacketed reservoir tank pressurized to 0.9 bar overpressure. A temperature of 77- 
80°C was maintained in the reservoir tank throughout the filtration process. 
Recirculation of cell-free broth across a ceramic membrane (50 square centimeters, 0.1 // 
20 zirconium) was carried out at a rate of approximately 200 liter/hour. Pneumatic backshock of 
permeate was performed every 30-60 seconds using a backshock volume of approximately 
approx. 3 mL. 

Filtration of cell free broth (pH=9.5) at 32-35 °C served as a reference/base line for the 
25 evaluation of the filtration performance at a setpoint of 80°C. When carrying out filtration at a 
setpoint of 34°C two types of cell-free broth was applied: a) alkaline (pH=9.5) cell free broth 
with no pre-treatment and b) alkaline (pH=9.5) cell-free broth which had been heated to 80- 
90 °C for 6 minutes followed by cooling to 34°C prior to initiation of the filtration step (referred 
to as "preheated"). 

30 
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Example 2 

Flux of Permeate. 

The net flux of permeate through the membrane was measured by collecting the permeate 
5 leaving the filtration module. Placing the container for colleting permeate on a precision bal- 
ance allowed for calculation of the net flux. Compensation for the amount of permeate re- 
trieved as sample material was included in the calculations of the net flux. 
Filtration and re-circulation of broth was maintained for 60-75 minutes. The calculated flux of 
permeate through the membrane in units of L/m 2 /h are shown in figure 1 . The significantly 
10 higher net flux of permeate through the membrane when operated at 77-80 °C as compared 
to 32-35 °C is demonstrated in figure 1 . The impact of heating the cell-free broth to 80-90 °C 
for a short period of time prior to filtration at 32-35 °C had only minor impact on the achieved 
net flux. 

15 

Example 3. 

Transmission. 

During the filtration process samples of both retentate and permeate were retrieved every 5- 
20 10 minutes. These sets of samples were subsequently analyzed by HPLC for their concen- 
tration of Arg 34 -GLP-1(7-37). From these numbers the instantaneous transmission was calcu- 
lated as a function of filtration time. The transmission at time (t) was calculated by dividing 
the concentration of product in the permeate at time (t) with the concentration found in the 
retentatet at time (t). The results of these calculations are shown graphically in figure 2. 

25 

Carrying out the filtration at 77-80 °C instead of 32-35 °C results in close to a doubling of the 
transmission of product through the membrane. However, heating the cell-free broth to 80-90 
°C for a short period of time (6 minutes) also increases the transmission of Arg^-GLP-I^- 
37) through the membrane albeit to a minor extent than observed when maintaining a high 
30 temperature throughout the filtration process. 



6535.000-DK 



9 

Example 4 

Removal of Host Cell Protein (HCP). 

The retention of Host cell protein and high molecular weight components by the membrane 
5 was quantified using immuno-techniques for the measurement of yeast cell derived products 
containing an epitope. The quantification of Host cell protein relied on the usage of antibod- 
ies raised against the yeast strain used for heterologous expression of product different from 
Arg^-GLP-I^^). 

The reduction factors (RF) reflecting the decrease in host cell protein after 5 minutes of fil- 
10 trateion are listed in table 1. It was calculated by dividing the immological response obtained 
in the retentate with the result obtained for the permeate. Specific immunological responses 
are listed in column 2 and 3 for the retentate and permeate, respectively. 

Table 1. Immunological responses for Host Cell Protein when carrying out the filtration at dif- 
15 ferent temperatures using cell-free broth adjusted to a pH of 9.5. The reduction factor (RF) 
expresses the ratio between the response obtained for the retentate divided with the re- 
sponse obtained for the permeate both measured after 5 minutes of filtration. 



Condition 


Response 
ppm (Retentate) 


Response 
ppm (Permeate) 


RF 


77-80 °C 
(pH=9.5) 


11058 


720 


15.4 


77-80 "C 

(pH=9.5) 


16448 


1000 


16.4 


32-35 °C 


21575 


5903 


3.7 


32-35 »C 
( preheated) 


18188 


5223 


3.5 



20 

The data in table 1 show that removal of Host cell protein as reflected by the reduction fac- 
tors (RF) is superior for filtration carried out at 77-80 °C as compared to filtration performed 
at only 32-35 °C. Even preheating of the cell-free culture broth to approximately 80-90 °C for 
6 minutes does not improve the removal of host cell protein when the broth temperature is 
25 maintained at 32-35 °C during the filtration process. 
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The experiment carried out at 77-80 °C with cell-free broth of pH=9.5 was repeated but this 
time using cell-free fermentation broth of pH=5.5. The reduction factor measured for this 
broth is shown in table 2. Reduction of the host cell protein content by a factor of nearly 30 is 
considered very efficient when compared to the numbers obtained at pH=9.5 (see table 1). 
5 Consequently, pH of the broth during filtration at high temperature does seemingly not im- 
pede the efficient removal of host cell protein during filtration with the ceramic module. 

Table 2. Immunological responses for host cell protein of the retentate and permeate when 
the filtration was performed at 77-80 °C but using a broth pH of 5.5. Responses measured 
1 0 after 5 minutes of filtration. 



Condition 


Response 
ppm (Retentate) 


Response 
ppm (Permeate) 


RF 


80°C 

(pH=5.5) 


19050 


656 


29 



15 Example 5 

Removal of antifoam agents. 

The fermentation broth was produced using an antifoam agent in order to control foaming of 
the microbial culture. After adjustment of broth pH to 9.5 and removal of the cells by centrifu- 
20 gation the broth was spiked with a second antifoam agent (modified polyalcoxyether) leading 
to total antifoam levels in the range of 1000-1210 ppm. 

Samples of the spiked broth were retrieved prior to the start of the filtration. A second series 
of samples were retrieved from the pool of permeate collected during the entire filtration ex- 
25 periment. Both series of samples were analyzed for their content of antifoam. Quantification 
of antifoam agent concentration was carried out using a solid phase extraction followed by 
GPC using refractive index detection. The results of these analyses are shown in table 3. 
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Tabl 3. Concentration of antifoam expressed in units of part per million in the cell free broth 
before start of filtration and in the pool of permeate collected during the entire experiment. 



Condition 


Antifoam agent 1 


Antifoam agent 2 


Before 


Pooled 
permeate 


Before 


Pooled 
permeate 


77-80 °C 


550 ppm 


<10 ppm 


660 ppm 


<10 ppm 


32-35 °C 


550 ppm 


280 ppm 


460 ppm 


95 ppm ! 



5 Data presented in table 3 demonstrate that filtration at 80°C is superior to filtration at 32-35 
°C with regard to the removal of both antifoam agent 1 and antifoam agent 2 from the cell 
free fermentation broth. 
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CLAIMS 

1 . A process for purifying a fermentation-derived product, said process comprising the steps : 
5 a) microfiltration of a fermentation broth containing the fermentation-derived product 

at a microfiltration temperature within the range from 66 °C to 90 °C; 
b) isolation of the final product. 

2. The process according to claim 1 , wherein said microfiltration in step a) is performed in the 
1 0 absence of activated carbon. 

3. The process according to any one of claims 1-2, wherein the microfiltration temperature is 
within the range from 70 °C to 90 °C. 

15 4. The process according to any one of claims 1-2. wherein the microfiltration temperature is 
within the range from 70 °C to 80 °C. 

5. The process according to any one of claims 1-4, wherein the microfiltration is performed 
as a cross flow microfiltration. 

20 

6. The process according to claim 5, wherein the microfiltration process is performed with a 
vibrating microfiltration membrane. 

7. The process according to any one of claims 5-6, wherein the microfiltration process is per- 
25 formed with backshock. 

8. The process according to any one of claims 1-7, wherein the microfiltration process is per- 
formed using a microfiltration membrane formed from a material selected from the group 
consisting of natural polymers, synthetic polymers, ceramics, metals and mixtures thereof 

30 

9. The process according to any one of claims 1-7, wherein the microfiltration process is per- 
formed using a polysulphone membrane. 

10. The process according to any one of claims 1-9, wherein the microfiltration process is 
35 performed as a batch process. 
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11. The process according to any one of claims 1-9, wherein the rnicrofiltration process is 
performed as a continuous process. 

5 12. The process according to any one of claims 1-11, wherein the rnicrofiltration process is 
followed by an ultrafiltration process. 

13. The process according to claim 12, wherein the cut-off value of the UF membrane is 
lower than four times the molecular weight of the fermentation-derived product, preferably 

10 lower than twice the molecular weight of the fermentation-derived product and most prefera- 
bly tower than the molecular weight of the fermentation-derived product. 

14. The process according to any one of claims 1-13, wherein the rnicrofiltration process is 
followed by at least one chromatographic step or at least one precipitation step. 

15 

15. The process according to any one of claims 1-14, wherein the fermentation-derived prod- 
uct is at temperatures higher than 60 C for less than 60 minutes, preferably for less than 30 
minutes, even more preferable for less than 15 minutes, and most preferable for less than 10 
minutes. 

20 

16. The process according to any one of claims 1-15, wherein the fermentation-derived prod- 
uct is a protein. 

17. The process according to claim 16, wherein said protein is a microbially derived protein. 

25 

18. The process according to claim 17, wherein the host cell producing said protein is se- 
lected from the group consisting of E. coli, Saccharomyces, Pichia, Candida and Kluyvero- 
myces. 

30 19. The process according to any one of claims 16-17, wherein said protein is a pharmaceu- 
tical protein or a precursor thereof. 



35 



20. The process according to any one of claims 16-19 wherein the fermentation-derived 
product is a protein with a molar weight of less than 25000 Dalton, less than 10000 Dalton, 
less than 7000 Dalton, or less than 4000 Dalton. 



21 . The process according to any one of claims 15-19, wherein said protein is selected from 
the group consisting of GLP-1, GLP-2, glucagon, TFF peptides, interleukins, insulin, albumin, 
precursors thereof and analogs of any of the foregoing. 

22. The process according to claim 21, wherein said protein is selected from the group con- 
sisting of human insulin, a human insulin precursor, a human insulin analog, a human insulin 
analog precursor, and Arg^-GLP-I^-S?). 



ABSTRACT 

Process for microfiltration at elevated temperature. 
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